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Subject: Landslide Mitigation Assessment, Trinidad Memorial Lighthouse and 

Edwards Street, Trinidad, California  
 
Executive Summary 
 
In light of the observed ground displacements over the previous two wet seasons, we are of the 
opinion that failure to stabilize at least a portion of the head of the landslide complex or move the 
lighthouse prior to the onset of the coming winter could result in the structure and foundation 
being comprised.  Addressing the portion of the landslide with the potential to affect Edwards 
Street directly is less critical at this time, but should be considered in the coming years if the 
landslide continues to grow in the upslope direction. 
    
The purpose of this initial phase of the investigation is to provide conceptual slope stabilization 
alternatives to protect Edwards Street and/or the lighthouse from the most threatening portion of 
the landslide complex.  Stabilization of the entire landslide complex is not part of this project.  
Portions of the landslide that are located below any proposed soil reinforcement or retaining 
system will likely continue to move downslope after the slope repair is constructed. 
   
An understanding of the local geology, failure mechanism, and landslide geometry is paramount 
for assessing the likely effectiveness of various slope stability mitigation measures.  Stakeholders 
should be aware that the ground surface upslope of the existing landslide headscarp is likely to 
experience future displacement that will most certainly damage the lighthouse and, potentially, the 
roadway if no action is taken in the immediate to near future.  
 
Based on the site conditions, the likelihood for continued landslide movement in the coming years, 
and the limitations of the various repair options described in the following document, we 
recommend that the lighthouse be relocated.  With regard to Edwards Street, there is currently a 
buffer between the head of the slide and the edge of the roadway such that there is a lesser 
immediate risk factor as compared to the lighthouse.  However, we expect the head of the 
landslide to continue encroaching toward Edwards Street within the next few years.  We, 
therefore, recommend that the City of Trinidad strongly consider the construction of a retaining 
wall system to preserve the full traveled roadway width of Edwards Street, a main transportation 
artery in the town of Trinidad.   
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Introduction 
 
This document presents SHN Engineers & Geologists’ assessment of recent landslide activity along 
Edwards Street and adjacent to the Trinidad Memorial Lighthouse.  This report provides 
conceptual slope repair/stabilization alternatives and recommendations regarding future actions.  
The main objective of this report is to provide the City of Trinidad and Trinidad Civic Club with 
an understanding of site conditions in order to inform their decision making process with regard 
to protecting Edwards Street and the lighthouse.   
 
This investigation is the result of recent landsliding at the site, which has experienced a significant 
pulse of renewed movement over the past two rainy seasons.  During the past winter season, 
landsliding at the site was responsible for the formation of fresh scarps and fissures in close 
proximity to the existing Lighthouse memorial and the parking area along the southern edge of 
Edwards Street just west of the lighthouse.  The sliding resulted in significant damage to sidewalks 
and other hardscaped areas surrounding the lighthouse, and encroached on the southwest corner 
of the lighthouse foundation pad.  The general site location is as shown on Figure 1.  A depiction of 
the existing site conditions, including the limits of the landslide complex in relation to site features, 
is provided in Figure 2.  The bluff profile included in Figure 2 shows our interpretation of the 
multiple failure surfaces actively deforming the project site. 
 
Work performed by SHN as part of this investigation includes field and aerial photographic 
mapping, conducting a subsurface drilling investigation, constructing and monitoring slope 
inclinometers, and quantitative slope stability modeling.   
 
Slope stabilization alternatives presented in this report run the spectrum from soil reinforcement, 
including driven spiral soil nails and drilled soil nails, to a large-scale retaining system consisting 
of a soldier pile wall with tiebacks.  Other pile walls (such as, cantilevered soldier piles and a 
tangent piled wall) were considered, but dismissed based on their high cost versus likely 
effectiveness.  Current site conditions will pose challenges to the constructability for whatever 
stabilization method is chosen. These include the limited available space for staging and working 
areas, limited accessibility to the steep bluff face, the regulatory and permitting environment, and 
the historical and cultural sensitivity of the site.  
 
Field Investigation and Monitoring Program 
 
On May 3 and 4, 2017, four geotechnical borings, denoted as TML-1 through TML-4, were drilled 
at the locations shown on Figure 3.  The borings were drilled to assess soil conditions, determine 
the depth to bedrock and the slide plane, and to make a direct measurement of the groundwater 
elevation at the time of drilling.  The borings were drilled and sampled to depths of up to 51 feet 
below the existing ground surface (BGS) by Taber Drilling of West Sacramento, California.  Borings 
were advanced using both a truck-mounted and limited-access track-mounted drilling rig outfitted 
with 6⅝-inch diameter hollow stem augers and 4-inch diameter solid flight augers.   
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During drilling, representative samples were obtained using modified California (2.5-inch internal 
diameter [I.D.]) and standard penetration test (SPT; 1.4-inch I.D.) split spoon samplers.  SPT was 
performed to estimate the relative in-place density of the soils.  Soil strength parameters of the 
cohesionless soils were estimated from correlations with SPT blow counts.  Split-spoon samplers 
were driven by a 140-pound hammer dropping 30-inches inside the boring, controlled with an 
auto-hammer.  The subsurface materials encountered were logged and field classified in general 
accordance with the Manual-Visual Classification Method (ASTM-International [ASTM] D 2488).  
Final boring logs are presented in Attachment 1 and were prepared based on the field logs and 
examination of samples in the laboratory. 
 
The borings and pertinent site features were surveyed and tied to City of Trinidad monuments by 
SHN under the direction of a licensed surveyor.  Surficial reference points were also established 
and surveyed to monitor future ground displacement.  A survey point file with horizontal and 
vertical coordinates is included in Attachment 2.     
 
Boring TML-1 was drilled at the outboard edge of Edwards Street and is located to the landward 
(upslope) side of the main head scarp and active slide mass.  The boring was drilled to a depth of 
50 feet BGS and was located primarily to assess the material strength of the undeformed terrace 
deposits.  Boring TML-2 was drilled to a depth of 51 feet BGS immediately downslope of the main 
head scarp near the apex of the active slide mass.  Boring TML-3 was drilled to a depth of 35 feet 
BGS and is located near the southwest corner of the concrete sidewalk surrounding the lighthouse.  
Slope inclinometer casing consisting of 2.75-inch outside diameter PVC was constructed in each of 
these boreholes to monitor landslide movements and determine the depth(s) to the slide planes.  
The slope inclinometer in TML-1 is intended to be used for future monitoring in order to assess 
whether or not the landslide is retrogressing upslope and beneath Edwards Street.  One additional 
boring was drilled to a depth of 35 feet BGS east of the lighthouse.  The boring was converted to a 
piezometer constructed of 1½-inch PVC pipe with factory-screened 0.010 slot in order to measure 
groundwater levels.  All borings were completed with traffic-rated well boxes at the ground 
surface to protect the top of the casings and for ease of access for future monitoring.        
 
Subsurface Conditions 
 
Bedrock/Soil 
 
Franciscan Complex bedrock was encountered at a depth of approximately 45 feet BGS and 42.5 
feet BGS (elevation = 114± feet) in borings TML-1 and TML-2, respectively.  Both borings are 
located along the approximate longitudinal axis of the landslide complex.  Borings TML-3 and 
TML-4 were advanced to 35 feet BGS (elevation = 117± feet), but did not encounter bedrock.  
Where encountered, bedrock consists of dense to very dense graywacke sandstone that appeared 
to be a relatively fresh in hand specimen with moderate field strength.  Based on the nature of 
mélange, natural exposures at the back edge of Old Home Beach (aka Indian Beach) and around 
Trinidad Bay, and the geometry of the slope profile, we expect bedrock underlying the site to 
consist of a mixture of hard rock blocks in a matrix of pervasively sheared, and moderately to 
highly decomposed argillite and shale with very weak field strength.  The exposures at beach level 
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generally indicate “bedrock” to consist of mélange matrix, which has the consistency of very stiff 
fine grained clay-rich soil with a block-in-matrix texture.  Bedrock encountered in the borings 
likely constitutes a coherent rock block “floating” within the mélange matrix and should not be 
construed as being representative of the entire bedrock section.   
 
Where mélange matrix is abundant, the mélange is highly susceptible to downslope mass 
movement in the form of earthflows.  When saturated, the mélange matrix possesses very low 
internal strength and has the tendency to creep downslope at a very low angle of repose.  The 
areas along Trinidad Bay are entirely underlain by Franciscan mélange with a block-in-matrix 
texture, which is responsible for the bay’s unique shape.  Stability of the overlying terrace 
sediments can be influenced by the presence of large sandstone or greenstone blocks in the 
underlying mélange.  No such large, coherent rock block exists downslope of the project site.  
Therefore, the terrace sediments deform in direct response to movement within the underlying 
mélange and will likely continue to do so until a favorable slope angle of repose is achieved. 
 
Overlying bedrock is Pleistocene age (approximately 60,000 to 100,000 years old) marine terrace 
sediments composed chiefly of fine to medium sand with scattered fine gravel.  The terrace 
deposits are present beginning at the ground surface and continue to a depth of least 35 feet BGS to 
as much as 45 feet BGS.  The terrace sediments have soil textures ranging from silty sand (SM) to 
poorly-graded sand (SP).  The gravel content increases with depth where, presumably, a coarse 
gravel to cobble lag deposit lies directly on the bedrock surface.  The terrace materials are weakly 
cemented and disaggregate, with little to no finger pressure; this indicates relatively low dry 
strength.  The granular soils generally contain non-plastic fines with intermittent discontinuous 
lenses of fine rounded gravel.  SPT blow counts indicate the relative density of the granular soils to 
be loose to medium dense throughout the soil profile.  The relative density of the terrace materials 
increases slightly below a depth of about 25 to 30 feet.  Practical refusal occurred at the 
terrace/bedrock contact. 
 
Groundwater 
 
The initial depth to groundwater at the time of drilling was observed in TML-1 and TML-2 at 35 
feet BGS and 42 feet BGS, respectively.  The noted groundwater depths are interpreted to reflect 
perching of the groundwater surface on top of the soil/bedrock contact.  The relatively steep 
groundwater surface gradient is likely due to the proximity of the slope free face, whereby 
groundwater is allowed to emerge rapidly in the form of seeps and springs.  A reconnaissance of 
the lower and mid-slope portions of the slide body as recently as mid-June revealed the presence 
of saturated surface conditions and flowing surface runoff, indicating that a high volume of 
emergent groundwater persists throughout the wet season and early dry season months.  Due to 
the low transmissivity of the mélange bedrock, we interpret that most, if not all, of the surface 
runoff observed on the mid- and lower slopes emerges from the bluff face at the elevation of the 
soil/bedrock contact.  
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Site Observations and Interpretations 
 
The lighthouse is sited on a cut bench constructed into the original hillslope.  The site was 
originally constructed in the late 1940s (the cut bench is visible in the 1948 aerial photographs) and 
has remained relatively unaffected by localized landsliding until the previous two wet seasons.  
The parking area at the outboard edge of Edwards Street and the concrete walkways to the west of 
the lighthouse began to display ground displacement and distress following the onset of winter 
rains around early 2016.  Vertical and lateral ground displacements continued through the 2016 
winter and accelerated during the 2016/2017 winter.   
 
Rainfall totals during 2015/2016 were considered normal to slightly above average compared to 
historical averages.  Rainfall totals during 2016/2017, however, were well above historical average; 
rainfall has likely contributed significantly to the increased rate of slope movements observed at 
the site.  Of particular noteworthiness is the fact that ground deformation in the form of a tension 
crack along a previously identified scarp has continued to occur well into the summer dry season.   
 
The original cut pad on which the lighthouse was constructed appears to have extended much 
further west than its current position, suggesting that slope movement and bluff retreat have been 
occurring historically.  Numerous large trees that were once visible on the slopes descending to the 
beach are no longer present and have since been replaced with low-lying shrubs; this may be 
attributed to recurrent slope movements.  Not until the recent wet seasons has landsliding begun 
to directly affect the upper bluff edge in such a manner that the upper portion of the landslide 
complex has become readily visible.  
 
The formation of multiple, nested, arcuate failure planes observed at the head of the slide complex 
indicates that the upper portion of the landslide is a large retrogressive rotational slide (it is 
progressing upslope and is failing along a main curved slip surface).  It is unclear from a review of 
the historical aerial photographs dating to 1948 when landsliding initiated on the slopes below 
Edwards Street and the lighthouse.  However, the growth of an outwardly convex bulge at the toe 
of the coastal bluff slope along the back edge of Old Home Beach is readily apparent beginning in 
the 1965 photographs.  This landform is suggestive of an active deep-seated earthflow within the 
mélange bedrock that began prograding (advancing) seaward at that time.  Landsliding on the 
midslope may have initiated soon after the initial deep-seated failure, but was likely obscured by 
the thick vegetation.  
 
The upper limits of recent landsliding at the site are actively deforming the outer 25 feet of the 
bluff top along multiple slip surfaces.  The main head scarp at the points where it intersects the 
bluff edge at the main break in slope measures up to 100 feet wide.  Lateral margins farther 
downhill are not apparent; they are obscured by thick vegetation.  We assume that the nested 
failure planes sole (detach at a low angle) into a single slide plane at depth.  The slide plane is 
interpreted to be confined to the marine terrace sands that overlie the mélange bedrock and would, 
theoretically, daylight along the slope face about 45 to 50 feet in elevation below the bluff edge.  
The maximum width of the body of the entire landslide complex is approximately 140 feet 
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midslope, and is assumed to extend a ground distance of about 400 feet down slope from the bluff 
edge, as shown on Figure 2.    
 
Geotechnical Analysis 
 
Downhole measurements collected from the slope inclinometers constructed in borings TML-1 
through TML-3 have not shown any significant displacement to date due to the timing of their 
construction (after the end of the rainy season).  Less than ¼-inch of deflection has been measured 
for TML-2 and TML-3; this is within the range of measuring bias for the slope indicator instrument 
used.  Based on landslide geometry and slope profiles generated from the 2016 LiDAR data, we 
estimate that the depth of the slide planes is approximately 20 to 30 feet below the location of the 
outer bluff edge. 
 
Slope stability analyses were performed using computer software (SLIDE 7.0) and the slope profile 
line depicted on Figure 2.  The output for the model of the existing failure condition was 
determined using the Spencer method and a fully specified failure surface.  (This is a simplified 
three-layer model in which soil and bedrock strength parameters were back calculated with an 
interpreted piezometric groundwater surface, to achieve a factor of safety of 1.0.)  The assumed 
depth of the failure plane was estimated to be approximately 25 feet BGS at the location of the bluff 
edge.  The effective geotechnical parameters for the slide materials are phi (angle of internal 
friction) equal to 28 and 30 degrees, cohesion equal to zero (0) pounds per square foot (psf), and 
saturated unit weight equal to 120 and 130 pounds per cubic foot (pcf).  The shear strength of the 
bedrock was modeled as 5,000 psf with saturated unit weight equal to 144 pcf. 
 
The ground anchor forces required to resist the landslide forces were then evaluated using driven 
spiral soil nails, drilled soil nails, and a soldier pile with tie-back wall. 
 
Driven Spiral Soil Nails 
 
The use of spiral nails in conjunction with reinforcing wall facing (such as, anchored mesh) is 
considered the most economical and feasible retaining system from a construction standpoint.  The 
spiral nail system is a soil reinforcement method commonly employed for stabilizing steep cut 
slopes of limited height.  They can be used with variety of slope face reinforcements, including 
wire facing (recommended due to strength to weight ratio) and gabion facing.  The soil nails are 
driven into the slope face using a pneumatic hammer attached to the end of a long reach excavator.  
Areas to be treated with this method would need to be cleared of vegetation. 
 
This type of retaining system would require the least amount of heavy equipment traffic and 
would minimize the amount of disturbance to the site during construction relative to the other 
proposed alternatives.  This type of retaining system is also considered the least robust in terms of 
longevity and long-term effectiveness.  This stabilization method would be suitable for reinforcing 
the slope face in the immediate vicinity of the lighthouse, only, and is not recommended for 
stabilizing the portion of landslide along Edwards Street.  The location of this type of soil 
reinforcement system is shown on Figure 4.   
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The advantages associated with spiral soil nailing include the following: 

• Spiral soil nails would result in less long-term environmental impact compared to other 
construction techniques such as drilled shafts or soldier pile walls, which require relatively 
large equipment.  Short-term impacts are related to vegetation clearing within the work 
area. 

• The installation of spiral soil nails is relatively fast. 

• Soil nailing may be more cost-effective at sites with remote access, because the smaller 
equipment is more readily mobilized. 

 
The main disadvantage of this approach is the limitation to application in the upper part of the 
slope.  It is not feasible to cover the entire slope, due to lack of access; it will only be feasible to 
install nails where the long-reach excavator can reach, which will limit the effectiveness of this 
method.  There may also be issues associated with driving the spiral nail the full design length.  
The presence of medium dense granular soil (sand and gravel) may inhibit the installation of the 
spiral soil nail for its full length.  Shorter nail lengths may prove ineffective in attaining the desired 
factor of safety against landsliding.   
 
We anticipate constructing such a system for a horizontal length of about 60 feet and slope distance 
of about 40 feet beginning at the bluff edge (this is the inferred limit of the long-reach excavator) 
and down the slope face, for a total area of about 2,400 square-feet.  For modeling purposes, 
reinforcement loads for the spiral soil nails were applied at 16 degrees from horizontal and spaced 
7-feet apart laterally and 10-feet apart along the descending slope face.  The reinforcement loads 
were determined by increasing the spacing in the stability analysis until the target factor of safety 
of greater than 1.3 was achieved.  The results of the stability analysis indicate that an equivalent 
pull out bond strength of 940 lbs/ft for three rows of 30-foot spiral soil nails and three rows of 40-
foot spiral soil nails is required for a 20-foot vertical design height.  Greater factors of safety could 
be achieved by reducing the nail spacing and/or increasing the overall vertical height.    
 
Drilled and Grouted Soil Nails 
 
Soil nails are reinforcing, passive elements that are drilled and grouted sub-horizontally into the 
ground to support excavations in soil, or in soft and weathered rock.  They contribute to the 
stability of earth-resisting systems mainly through tension as a result of the deformation of the 
retained soil or weathered rock mass.  Tensile loads are transferred to the surrounding ground 
through shear stresses (bond stresses) along the grout-ground interface.  This type of commonly 
used soil reinforcement method has long-term, demonstrable corrosion protection to ensure 
adequate, long-term performance of the system.  
 
Soil nail walls are constructed using a “top-down” construction sequence, where the ground is 
excavated in lifts of limited height.  The extent of excavation required at the project site would be 
limited to removing any loose soil material from the slope face to provide a smooth surface.  Soil 
nails and an initial shotcrete facing are installed at each excavation lift to provide support.  
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Subsequently, a final shotcrete or cast-in-place-concrete (CIP) facing is installed.  Nails are most 
often installed at a vertical spacing of 4 to 6 feet.  The nail vertical spacing is comparable to the 
typical height of a stable, excavation lift, which is commonly 3 to 5 feet.  The horizontal spacing of 
nails is often also in the range of 4 to 6 feet.  Both the soil nails and the initial and final facing 
contribute to the stability of the excavation.  The soil nails support the soil and transfer loads to the 
soil mass behind the wall.  The facing supports the soil between nails and immediately behind the 
face, provides structural continuity, and enables the soil nail wall to act as a unit. 
The advantages associated with drilled and grouted soil nailing include the following: 

• Soil nail walls cause less long-term environmental impact compared to other construction 
techniques (such as, drilled shafts or soldier pile walls), which require relatively large 
equipment.  Short-term impacts are related to vegetation clearing within the work area. 

• The installation of soil nail walls is relatively fast. 

• Easy adjustments to nail inclination and location can be made when obstructions are 
encountered (such as, boulders or underground utilities). 

• Soil nailing may be more cost-effective at sites with remote access, because the smaller 
equipment is more readily mobilized. 

• Soil nails are installed using equipment that is multipurpose and can be used for other 
substructure elements (such as, underpinning or protection of adjacent, movement-
sensitive structures, like the lighthouse).  

• Soil nail walls can accommodate curves and “bends” more easily than other top-down 
construction wall systems, which would otherwise require straight wall segments.  

 
Similar to the spiral nail reinforcement system discussed previously, we anticipate constructing a 
drilled and grouted soil nail wall system to stabilize the slope immediately below the lighthouse 
only and at a similar location as shown on Figure 4.  Similar to the spiral nail approach, the drilled 
nail approach is limited to treatment of the upper slope, which will limit its effectiveness.  The 
dimensions of a drilled and grouted soil nail wall would, therefore, also be on the order about 
2,400 square-feet.   
 
Soldier Pile and Tie-back Wall 
 
A retaining structure consisting of soldier piles, lagging, and one or two rows of tie-backs is 
feasible along the outboard edge of Edwards Street and at the former locations of the concrete 
walkways west of the lighthouse.  Such a system would likely prove difficult to construct in the 
immediate vicinity of the lighthouse cut pad due to space limitations and equipment access 
limitations, unless a large access road was graded, and the lighthouse was temporarily relocated 
(or removed and reconstructed) during construction.   
 
As conceptually proposed, the retaining structure would consist of deep soldier piles constructed 
of vertical steel elements in conjunction with a timber lagging wall, which would be partially 
restrained by one or more rows of tiebacks drilled into the hillside.  The wall would be located as 
shown on Figure 4.  The west end of the wall would terminate approximately 20 to 30 feet outside 
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the limits of the portion of the landslide complex that threatens the upper bluff edge along 
Edwards Street for a total wall length of about 140 to 160 feet.  At the wall location, the landslide 
slip surface is interpreted to be 10 to 20 feet in depth, and as much as 40 feet deep downslope of the 
wall location.  It is likely that the existing landslide deposits (the failed portion of slope) will 
continue to translate downslope, therefore the wall should be designed to penetrate to the bedrock 
surface.  Therefore the soldier piling will approach 40 to 50 feet in depth to penetrate a sufficient 
distance below the failure surface along the entire length of wall.   
The intent of the soldier pile wall directly above the landslide is to create a barrier to isolate 
Edwards Street from the slide.  We assume that the landslide mass below the wall would continue 
to move and eventually pull away from the downhill side of the wall.  This could result in the loss 
of material between the pilings.  It would be impractical to construct lagging for the full height of 
the wall due to the amount of excavation of the slope face that would be required.  Therefore, it is 
recommended that soldier piling be spaced at three pile diameters or closer (center to center) such 
that soil arching would occur between the pilings to limit the internal loss of soil without the use of 
lagging to the full depth.  Lagging should be installed at the top of wall and extend at least 5 feet 
below the lowest tie-back level.  One or more rows of anchored tie-backs would be required from 
the face of the wall to a point that is several tens of feet (approximately 40 feet or more) beyond the 
existing and expected future critical failure surface.  The total length of the bonded portion of the 
tie-backs would require calculation of the minimum anchor forces needed and is beyond the scope 
of the current investigation.  The unbonded length of the tie-backs would likely be on the order of 
20 feet to 30 feet, based on our interpretation of the slide geometry in relation to the expected wall 
location. 
 
Conclusions and Opinion of Cost  
 
Conclusions 
 
Attempts to permanently stabilize the upper portion of the coastal bluff edge will prove 
challenging in light of the scale and magnitude of the forces driving the downslope movements.  
Under similar circumstances and in a similar setting, we are of the opinion that avoidance 
(relocating a structure) would be the most practical, economical, and most long-lasting solution.  
However, we understand the desire of stakeholders to explore the possibility of stabilizing the top 
of the bluff in order to maintain the current Lighthouse location.  That being said, the use of driven 
spiral nails or drilled and grouted soil nails to stabilize the upper 20 or 30 feet of the bluff face will 
do little, if anything, to mitigate slope failure within the lower terrace sediments or the larger 
landscape-scale earthflow movements at depth.  We expect that in time, the upper stabilized block 
may begin to fail as the underlying unreinforced sediments continue to move downslope.  
Constructing a soil reinforcement system using spiral soil nails or drilled and grouted soil nails, 
however, may extend the life of the lighthouse at its current location into the near future and 
provide stakeholders additional time in planning for a more permanent location for the lighthouse. 
 
The more permanent solution to stabilizing the coastal bluff edge is the construction of a soldier 
pile and tie-back wall, but at considerably greater cost.  In our opinion, a wall of this type would 
serve to protect Edwards Street from being impacted by future landsliding.  However, 
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constructing a retaining system of this type at the location of the lighthouse would likely be 
impractical due to site logistics (such as, limited access and working areas).   
 
Construction Costs  
 
Costs for constructing the types of soil reinforcement and restraining systems described above 
vary considerably.  Unit costs for construction were determined from SHN’s past and recent 
project experience, and research of slope stabilization projects elsewhere in northern California.  
The estimated unit costs are for construction only—they do not include project costs associated 
with engineering design; the need for additional drilling investigations in the case of a soldier pile 
and tie-back wall; or costs associated with environmental studies and regulatory agency 
permitting, and construction management and inspection.   
 
Driven Spiral Soil Nails.  For a spiral nail reinforcement system, we estimate that a unit cost of 
$40 to $75 per square-foot of protected slope face should be anticipated for planning purposes.  At 
a minimum, we anticipate the need to reinforce approximately 2,400 square-feet of slope face at an 
estimated cost of about $100,000 to $180,000.  The advantage of using this type of reinforcement 
system is that the materials are readily available locally and it could be constructed by a local 
contractor.  
 
Drilled and Grouted Soil Nails.  We estimate a unit cost of $60 to $100 per square-foot for a 
drilled and grouted soil nail reinforcement system.  Specialized drilling equipment will be 
required to be transported from out of the area.  Limitations associated with site access, staging, 
and working areas could contribute significantly more to the cost.  Similar to the spiral soil nail 
system, we anticipate the need to reinforce approximately 2,400 square-feet of slope face at an 
estimated cost of about $144,000 to $240,000.   
 
Soldier Pile and Tie-back Wall.  Estimating the cost for a soldier pile and tie-back wall is more 
uncertain.  Large, specialized drilling equipment will need to be transported from out of the area.  
Limitations associated with site access, staging, and working areas could contribute significantly 
more to the cost.  Extensive grading and temporary access roads would be required to be built 
along the edge of Edwards Street to facilitate the heavy equipment needed for construction.  All 
construction grading would need to be repaired at the close of the project.  We estimate a linear 
foot unit cost of $3,500 to $6,000 and a wall length of about 160 feet.  Construction costs are, 
therefore, estimated to be in the range of about $560,000 to $1,000,000.  
 
Recommendation 
 
Based on the site conditions, the likelihood for additional significant landslide movement in the 
coming years, and the costs and limitations of the various repair options described above, it is our 
recommendation that the City and Civic Club pursue a short-term plan to relocate the lighthouse.  
We strongly recommend some action be taken prior to the next rainy season.  It may not be feasible 
to complete any slope reinforcement in that timeframe due to the permitting constraints.  Even if 
reinforcement could be achieved in the short term, it does not appear feasible to reinforce the slope 
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